Within the past few decades a new phenomenon has been observed in which an increasing number of women begin a realization of the family unit relatively late in their reproductive lives. Today this delay in childbearing is socially accepted and relates primarily to increased opportunities for education, career choices, and effective means of birth control. [1] [2] [3] Although it may be assumed that women >40 years old have made a conscious decision, have planned the pregnancy, and will enjoy the benefits of good support systems, at least half of those women experience various difficulties trying to conceive. 4 Moreover, the success rates of older women in programs of assisted reproductive techniques are much lower than the success rates of their younger counterparts. 5 Older patients have higher rates of preexisting medical problems (such as gestational diabetes and pregnancy-induced hypertension), a higher incidence of chromosomal abnormalities, and a higher incidence of cesarean deliveries. 6-11 All of the above components may increase the percentage of adverse pregnancy outcomes. 6-11 However, the risks for poor outcome of pregnancy and delivery for a 40-year-old woman who has had normal fecundity and has delayed childbearing voluntarily may differ from those who have had unsuccessful pregnancy attempts for an extended period of time. Perinatal outcome of pregnancies after assisted reproduction in general has been shown to be worse than that of spontaneously conceived pregnancies. [12] [13] [14] [15] [16] In this study the pregnancy outcomes of nulliparous women >40 years old with singleton pregnancies who conceived after assisted reproductive techniques were compared with the outcomes of those who conceived spontaneously. We specifically examined whether a history of infertility treatment among those women further increased the risk for cesarean delivery. Beer Sheva, Israel OBJECTIVE: To determine whether nulliparous women >40 years old with singleton pregnancies who conceived after infertility treatment are at an increased risk for cesarean section compared with older nulliparous patients who conceived spontaneously. STUDY DESIGN: All subjects in this study were nulliparous women >40 years old with singleton gestations who were delivered of their infants between 1990 and 1998. The Mantel-Haenszel procedure was used to obtain the weighted odds ratios and to control for confounding variables. RESULTS: During the study period, 115 nulliparous women >40 years old with singleton pregnancies were delivered of their infants in our institute. Of those, 80 pregnancies were spontaneous and 35 pregnancies occurred after infertility treatment. Women treated for infertility had a higher rate of low-birth-weight (<2500 g) newborns (34.3% versus 10.1%; odds ratio, 4.7; 95% CI, 1.5 to 14.6; P = .002). No other statistically significant demographic and obstetric differences were found between the groups. There were no cases of perinatal death in the study population. Women treated for infertility had statistically significant higher rates of cesarean section compared with those who conceived spontaneously (71.4% versus 41.3%; odds ratio, 3.6; 95% CI, 1.4 to 9.2; P = .002). Stratified analysis (the Mantel-Haenszel technique) was used to control for possible confounders such as low birth weight, pathologic presentations, failed induction, nonprogressive labor, and nonreassuring fetal heart rate tracings. None of those variables explained the higher incidence of cesarean section in the group treated for infertility. CONCLUSION: A history of infertility treatment among nulliparous women >40 years old with singleton pregnancies increases the risk for cesarean delivery independently of other known risk factors. (Am J Obstet Gynecol 2001;185: 888-92.) 
Within the past few decades a new phenomenon has been observed in which an increasing number of women begin a realization of the family unit relatively late in their reproductive lives. Today this delay in childbearing is socially accepted and relates primarily to increased opportunities for education, career choices, and effective means of birth control. [1] [2] [3] Although it may be assumed that women >40 years old have made a conscious decision, have planned the pregnancy, and will enjoy the benefits of good support systems, at least half of those women experience various difficulties trying to conceive. 4 Moreover, the success rates of older women in programs of assisted reproductive techniques are much lower than the success rates of their younger counterparts. 5 Older patients have higher rates of preexisting medical problems (such as gestational diabetes and pregnancy-induced hypertension), a higher incidence of chromosomal abnormalities, and a higher incidence of cesarean deliveries. [6] [7] [8] [9] [10] [11] All of the above components may increase the percentage of adverse pregnancy outcomes. [6] [7] [8] [9] [10] [11] However, the risks for poor outcome of pregnancy and delivery for a 40-year-old woman who has had normal fecundity and has delayed childbearing voluntarily may differ from those who have had unsuccessful pregnancy attempts for an extended period of time. Perinatal outcome of pregnancies after assisted reproduction in general has been shown to be worse than that of spontaneously conceived pregnancies. [12] [13] [14] [15] [16] In this study the pregnancy outcomes of nulliparous women >40 years old with singleton pregnancies who conceived after assisted reproductive techniques were compared with the outcomes of those who conceived spontaneously. We specifically examined whether a history of infertility treatment among those women further increased the risk for cesarean delivery.
Material and methods
All births to nulliparous women >40 years old with singleton pregnancies at the Soroka University Medical Center between 1990 and 1998 were included in the study. Of those women, 35 conceived after infertility treatment and 80 conceived spontaneously. All study subjects were managed in 1 setting according to standardized protocols. Soroka University Medical Center is a regional teaching hospital at which virtually all births to women in southern Israel take place. The study therefore represents nonselective population-based data. Because the increased risk of complications observed in singleton pregnancies after infertility treatment was shown not to be related to the treatment method 17, 18 and because of the small number of patients, patients who had undergone infertility treatment were combined into 1 group that included ovulation induction (n = 28) and in vitro fertilization cycles (n = 7). None of the patients in the in vitro fertilization group had received donated oocytes.
Data were retrieved from our perinatal database. In addition, birth files were examined to complete missing data about the performance of an elective cesarean section. Information recorded in the database is completed immediately after delivery by an obstetrician and is assessed routinely for accuracy and completeness before entry into the database.
The following pregnancy characteristics were analyzed: maternal age, gravidity, gestational age, birth weight, fetal sex, chronic hypertension, pregnancy-induced hypertension, suspected intrauterine growth restriction, gestational diabetes mellitus, hydramnios (amniotic fluid index >24 cm), oligohydramnios (amniotic fluid index <5 cm), and premature rupture of membranes, as well as whether or not genetic amniocentesis had been performed. Pregnancy-induced hypertension was defined according to the classification of Davey and MacGillivary. 19 Patients were defined as having gestational diabetes (class A) or insulin-dependent (class B-R) diabetes mellitus according to the modified White classification. 20 The following labor characteristics and complications were assessed: induction of labor (performed by Foley catheter, oxytocin, or prostaglandins), failed induction, pathologic presentations (defined as nonvertex presentations), placental abruption, placenta previa, prolapse of cord, meconium-stained amniotic fluid, cephalopelvic disproportion, instrumental delivery, or cesarean section. In addition, we examined whether the cesarean section was an elective one or was a result of medical indications. Several birth outcomes were investigated, including large for gestational age (birth weight above the 90th percentile for gestational age and sex); small for gestational age (birth weight below the 10th percentile); congenital malformations; and antepartum, intrapartum, and postpartum fetal death; Apgar score at 5 minutes; and delayed discharge from the hospital.
Statistical analysis was performed with the SPSS package (SPSS Inc, Chicago, Ill). To test the statistical significance of the results, the χ 2 test or the Fisher exact test was used as appropriate when qualitative data were compared. For continuous variables the t test was used. Stratified analysis with use of the Mantel-Haenszel procedure was done to assess the role of infertility treatment as a risk factor for cesarean section at different levels of risk and to obtain the weighted odds ratio (OR), while controlling for confounding variables. Values for OR and 95% confidence interval (CI) were computed, and P < .05 was considered to be statistically significant. Table I presents demographic and clinical characteristics of women treated for infertility (induced pregnancies) and of women who conceived spontaneously. No statistically significant differences were found between the groups except for higher rates of newborns who weighed less than 2500 g in the group treated for infertility (OR, 4.7; 95% CI, 1.5 to 14.6; P = .002). No statistically significant differences in obstetric risk factors were found between induced and spontaneous pregnancies (Table II) . Table III compares labor characteristics, complications, and perinatal outcome in both groups. There were no cases of perinatal death in the study population. Women treated for infertility had statistically significantly higher rates of cesarean section than women who conceived spontaneously (OR, 3.6; 95% CI, 1.4 to 9.2; P = .002). Elective cesarean sections without medical indications were performed more frequently among women treated for infertility compared with those who conceived spontaneously (64.0% versus 21.2%; OR, 6.6; 95% CI, 1.8 to 25.6; P = .002). Comparison of medical indications for cesarean section revealed no significant differences between patients treated for infertility and women who conceived spontaneously (Table IV) .
Results
Controlling for possible confounders such as low birth weight, pathologic presentations, failed induction, nonprogressive labor, and nonreassuring fetal heart rate tracings with the Mantel-Haenszel technique did not change the significant association between a history of infertility treatment and the use of a cesarean section as a mode of delivery (Table V) . The adjusted OR values were similar to the crude OR values. LGA, Large for gestational age fetus; SGA, small for gestational age fetus. 1.4-9.2 P = .006 Adjusted for placenta previa 3.6 1.4-9.2 P = .003 Adjusted for prolapse of cord 3.6 1.4-9.5 P = .003 Adjusted for PROM 3.5 1.4-9.1 P = .006 Adjusted for hydramnios 3.3 1.4-9.5 P = .005 Adjusted for oligohydramnios 3.8 1.5-9.8 P = .004 Adjusted for gestational 3.6 1.4-9.4 P = .002 diabetes A2 Adjusted for failed induction 3.6 1.4-9.5 P = .006 of labor Adjusted for severe PIH 3.4 1.3-9.0 P = .012 Adjusted for suspected IUGR 3.7 1.4-9.5 P = .005
PIH, Pregnancy-induced hypertension; IUGR, intrauterine growth restriction; PROM, premature rupture of membranes.
Odds ratios and 95% confidence intervals are given for the crude and the Mantel-Haenszel-adjusted odds ratios.
Comment
This study showed that nulliparous women who were treated for infertility and who were delivered of their infants at the age of 40 or older were at higher risk for cesarean section than women who conceived spontaneously. Those results remained significant after controlling for several important confounders. Unlike other studies, 6, 12, 13 the significant increase in operative deliveries cannot be explained by medical indications but rather was attributable to an increase in elective operations, which reflects the undue concern of patients and caregivers and influence an overall conservative attitude.
Almost all studies of pregnancy outcomes of older patients [6] [7] [8] [9] [10] [11] and of infertility-treated pregnancies [12] [13] [14] [15] [16] 21 have documented higher rates of cesarean section irrespective of geographic location and type of population. In the present study, the risk for cesarean section among nulliparous women who conceived spontaneously (41.3%) was similar to that reported in the literature, in which cesarean section rates as high as 47% have been documented for pregnancies with the above-mentioned parameters. The total rate of cesarean section at Soroka University Medical Center is 12%. Our unique comparison shows a risk for cesarean section of 71.4% when 2 major risk factors are combined (infertility treatment and older maternal age) in nulliparous pregnancies. To our knowledge, such high rates have not been reported previously. This trend undoubtedly reflects the increased anxiety that surrounds the management of pregnancies of older patients in general, and those treated for infertility in particular, who might not have additional future opportunities for childbearing. Some physicians may therefore be more likely to choose the seemingly simpler mode of direct intervention by cesarean section in those premium pregnancies for which conception was difficult and perhaps would be impossible to achieve in the future.
To date there are no conclusive results about final birth weight for in vitro fertilization pregnancies. Dhont et al 22 compared perinatal outcome of pregnancies after assisted reproduction and did not find significant differences in birth weight between spontaneous and induced pregnancies. Similar results were found by Reubinoff et al, 21 who did not find the birth weights of singleton gestations after in vitro fertilization to differ from natural ones. On the other hand, most other studies found singleton in vitro fertilization and ovulation induction pregnancies to be associated with low-birth-weight infants. [12] [13] [14] 23 The same was found also to be true for pregnancies of nulliparous patients >40 years old. Those pregnancies consistently resulted in low-birth-weight infants. 6, 10 Thus the combination of 2 risk factors-infertility treatment and advanced maternal age-resulted in a significant high rate of low-birth-weight newborns. The difference in birth weights cannot be explained by preexisting medical conditions, maternal age, or neonates who were small for gestational age, which did not significantly differ between the groups. However, there was a nonsignificant tendency toward earlier gestational age at delivery, which may explain this discrepancy.
Cesarean delivery is the most frequently performed major operation in the United States, where about 1 million such operations are performed each year. 24 In addition, statistics show that the worldwide cesarean section birth rate has quadrupled in less than 2 decades. [24] [25] [26] [27] Although the cesarean mode of delivery may appear to provide a relative safe and certain outcome, it should not be regarded as a risk-free procedure. The involvement of anesthesia and laparotomy increases the risk for maternal disease 28, 29 and death. 30 It is therefore appropriate to view the widely increasing rate of cesarean section as a potential obstetric hazard.
As we progress into the new millennium, we shall certainly see an increasing percentage of first pregnancies in women >40 years old, many of which will result from assisted fertility treatments. The obstetrician and supporting medical team will need to reconsider their traditional attitudes toward this trend. While taking the risks involved into consideration, we will need to regard these women as a new "norm" in obstetrics. With this gradual acceptance an appropriately lower anxiety level will follow, and it is to be hoped that fears of losing a precious pregnancy will lessen and an increased liberal examination toward mode of delivery will be incorporated. A more objective evaluation of the gains and losses of cesarean section may be used that will allow for a significant decrease in the prevalence of, and therefore a reduction in, maternal risk of disease and death.
